A syringe-focused ultrasound device for simultaneous injection of DNA and gene transfer.
Although known for its success in ameliorating muscle disorders, ultrasound (US)-mediated gene transfer in skeletal muscle has recently shown potential for treating a wide range of therapeutic applications. The disadvantages of the technique, however, including its relatively low transfer efficiency and toxic effects resulting in tissue damage, have impeded clinical progress. We describe a novel syringe-focused US device of our design that combines simultaneous DNA injection and US irradiation to resolve these issues, achieving improved DNA uptake for high expression and lowering the incidence of tissue injury. The novel, syringe-focused US device was used to introduce purified plasmid DNA encoding human neprilysin (hNEP) into mouse hindlimb skeletal muscle concurrent with US protocol (1.7 MHz, 1 W/cm(2), 1-min exposure time). hNEP expression was measured in local skeletal muscle, blood serum and brain by immunoassay at different post-injection time points. The incidence of muscle fiber damage was subsequently assessed by Evans Blue dye (EBD) uptake using fluorescence microscopy. The syringe-US device at the first time enabled simultaneous combination of DNA transfer and US stimulation gives rise to two months of gene expression of the encoded polypeptide as it is measured, at the same time as withstanding minor tissue damage. In addition, DNA injection without US treatment failed to induce hNEP expression. This new technique provides a simple, safe and efficient nonviral gene delivery approach in skeletal muscle and shows promising applications for gene therapy of human disease, such as Alzheimer's disease.